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96a Sunday, March 6, 2011the PV-FANs to achieve repetitive action potential (AP) firing in excitable
membrane under cw light excitation is analyzed theoretically. The membrane
is modeled using (a) the generic Hodgkin-Huxley description and (b) the Fohl-
meister-Miller description of the retinal ganglion cells. We find that repetitive
AP firing can be induced if the following two basic features are incorporated
into the PV-FANs design. The first is the exponential dependence of the excited
state decay rate (kd) of the PV-FANs on the membrane potential. The second
and most notable necessary feature is that a PV-FAN must involve a three-state
system designed such that the decay from its excited state to the ground state is
via an intermediate state whose lifetime (gestation time (tg)) is comparable to
the absolute refractory time following an AP firing. The capability of PV-
FANs to fire repetitive APs could lead to many paradigm-shifting applications
including their potential usage as therapeutic agents for partially restoring
vision lost to retinal degeneration. Such PV-FANs can be synthesized using
appropriate organic and inorganic material building blocks and this analysis
provides guidance and incentive for realizing these.
[1] Lu S, Madhukar A (2010) Cellular Prostheses: Functional Abiotic Nanosys-
tems to Probe, Manipulate, and Endow Function in Live Cells. Nanomed. NBM.
6:409–418.
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The Effects of Static Magnetic Fields on Neurons in Rat Explants and
Primary Culture
Samane Hadian Ghazvini.
In contrast to electric fields unique properties of magnetic fields, especially in
penetrating cells and tissue with minimum mortality (decreasing) make them
attractive for therapeutic and diagnostic purposes. Although there is not enough
information supporting how and where SMF exerts its effects, especially in the
weak (< 1 mT) and moderate (1-1000 mT) intensity range, its effect on gene
expression, cell orientation and cell migration was reported. Therefore more in-
vestigations for better understanding are needed. In this study effect of SMF (<
100 mT) on neurons in spinal cord explant cultures and primary cultures was
monitored morphologically and images analyzed with Axiovision software.
Based on our results neurons migrated along magnetic field gradient and their
neuritis showed perpendicular orientation with respect to magnetic field direc-
tion. After turning the magnetic field direction by 90 degrees, neuritis tends to
change their orientation to maintain the perpendicular orientation. Based on cy-
toskeleton roles in cell motility and neurit orientation future analysis on cell
distribution of cytoskeleton components could help to determine details of
magnetic fields effects on cell morphology in vitro.
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In contrast to electric fields unique properties of magnetic fields, especially in
penetrating cells and tissue with minimum mortality (decreasing) make them
attractive for therapeutic and diagnostic purposes. Although there is not enough
information supporting how and where SMF exerts its effects, especially in the
weak (< 1 mT) and moderate (1-1000 mT) intensity range, its effect on gene
expression, cell orientation and cell migration was reported. Therefore more in-
vestigations for better understanding are needed. In this study effect of SMF (<
100 mT) on neurons in spinal cord primary cultures and explants cultures was
monitored morphologically and images analyzed with Axiovision software.
Based on our results neurons migrated along magnetic field gradient and their
neuritis showed perpendicular orientation with respect to magnetic field direc-
tion. After turning the magnetic field direction by 90 degrees, neuritis tends to
change their orientation to maintain the perpendicular orientation. Based on cy-
toskeleton roles in cell motility and neurit orientation future analysis on cell
distribution of cytoskeleton components could help to determine details of
magnetic fields effects on cell morphology in vitro.
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Two Photon Excitation Imaging of Membrane Potential in Dendritic
Spines Using Fluorinated Voltage-Sensitive Dyes
Corey D. Acker, Ping Yan, Leslie M. Loew.
Optical membrane potential recording has the potential to be an important ex-
perimental tool to better understand neuronal function during processes such as
dendritic integration and synaptic plasticity, which take place in dendritic pro-
cesses or spines. However, optical recording of membrane potential fluctua-
tions, which can last less than a millisecond and involve structures less than
a micron in diameter, remains challenging. Here we report improved perfor-
mance of voltage-sensitive dyes for two-photon excitation imaging of intracel-
lularly-loaded neurons in acute brain slices. For high quality optical recordings
of membrane potential it is necessary to generate enough fluorescence in the
short time frame allowed for fast imaging. For this reason, we have synthesizedseveral fluorinated dyes in order to improve the photobleaching properties of
the dyes, which ultimately allows one to generate stronger fluorescence signals.
Additionally, the sensitivity of the dyes to changes in membrane potential,
measured as the relative change in fluorescence, ?F/F per 100 mV change
in membrane potential, is > 10 % for these dyes. Since sub-millisecond
response times are crucial for recording rapid membrane potential fluctuations
such as dendritic, or backpropagating action potentials, we confirm the
suitability of the newly developed dyes to this task by rapid laser scanning
(0.5 ms/line = 2 kHz). Additionally, we have implemented custom instrumen-
tation software to allow integrated non-scanned, "spot" recordings, to achieve
10 kHz recording rates.
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A virtual Cell Model of Signaling to the Actin Cytoskeleton in Dendritic
Spines
Paul J. Michalski, Leslie M. Loew.
Dendritic spines are small protrusions from neuronal dendrites that form the
post-synaptic side of most excitatory synapses in the central nervous system.
The response of dendritic spines to pre-synaptic signals can be modulated by
certain stimuli such that subsequent stimuli evoke stronger or weaker responses
from the spine, and these changes are implicated in learning and memory.
Increased sensitivity results in a state of long-term potentiation (LTP) and is
characterized by increased spine size and increased AMPA receptor (AMPAR)
content of the post-synaptic density (PSD). Decreased sensitivity results in
a state of long-term depression (LTD) and is characterized by decreased spine
size and reduced AMPAR content in the PSD. LTP and LTD are both induced
by calcium signaling, with large, high frequency signals leading to LTP and
smaller, low frequency signals leading to LTD. The complex signaling net-
works that differentiate between these signals are poorly understood. Here
we present a model that links upstream calcium signaling to changes in the sur-
face receptor composition and the actin cytoskeleton of dendritic spines. The
model includes signaling through the CaMKII, PKA, and PKC pathways,
and incorporates a previous model of actin dynamics that includes the effects
of the majority of relevant actin binding proteins. The model is implemented
in an idealized geometry using the Virtual Cell software package, and includes
the effects of diffusion and membrane localization. We explore the system
response as a function of the amplitude and frequency of stimulation, and we
investigate the effect of CaMKII recruitment and localization to the PSD.
The model parameters are varied to compare its predictions with the results
of several mutations and to suggest future experiments. (Supported by NIH
grant P41 RR013186).
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A computerModel Study of Tonic Spiking and Bursting in Thalamic Relay
Neurons
Jun Xu.
Thalamic relay neurons process visual signals from retina on the way to cortex,
and seem to encode the information in dual modes: tonic spiking and bursting.
The mode of firing depends critically on the history of membrane potential. For
example, when the membrane rests at levels close to the firing threshold, relay
neurons generate tonic spikes, but when the membrane is sufficiently hyperpo-
larized by IPSCs, they produce bursts. Therefore, it seems that the visual signal
from retina to cortex is not only transferred but also transformed by thalamus.
Studies have shown that the bursting mode can be attributed to the low-thresh-
old T-type Ca2þ ion channels that are highly expressed in these neurons. We
have developed a detailed model neuron, based on anatomically realistic
models of Thalamic relay neurons, to examine the ionic mechanisms that are
responsible for the dual mode firings both at the ion channel level and cellular
level. Consistent with experimental data, we show that (1) when the membrane
potential is close to the resting membrane potential, the model neuron fires
tonic spikes; (2) when sufficiently hyperpolarized for about 100ms, the model
neuron is able to fire bursts due to the deinactivation of T-type calcium chan-
nels that contribute the majority of the inter-burst current via slow deactivation.
In addition, we investigate the effects of epilepsy-linked mutations in the neu-
ronal Naþ channel and T-type Ca2þ channel on the dual mode of firing using
experimentally based gating models. Our results demonstrate that sodium
and T-type calcium channel mutations promote and accelerate tonic and burst
firing.
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Modeling of Spike Timing-Dependent Plasticity in the Presence of Com-
plex Spike Protocols
Kristofor Carlson, Nicholas J. Giordano.
Spike timing-dependent plasticity (STDP) is a process in which changes in syn-
aptic strength are determined by the relative timing of pre- and post-synaptic
activity. STDP can result in either long term potentiation (LTP) or long term
Sunday, March 6, 2011 97adepression (LTD), and there is strong experimental evidence that these changes
are driven by the postsynaptic Ca2þ concentration. Previously we examined
a computational model of STDP that combines the chemical network model
of Pi and Lisman (2008), with a model of Ca2þ dynamics that builds on the
work of Shouval and coworkers (2002) to explain experimental studies of
STDP in response to pre- and post-synaptic spike pair protocols (Carlson and
Giordano, 2010). Wang et al. (2005) have also explored more complex spike
timing protocols such as triplets and quadruplets, and the results in some cases
cannot be explained simply in terms of the STDP behavior found in response to
spike pairs. For example, a spike pair triplet can be viewed as a combination of
one spike pair (spikes 1 and 2) followed by a second spike pair (spikes 2 and 3),
and in some cases the resulting STDP is not the simple sum of that found for the
two spike pairs. We have extended our model of STDP to explore the multi-
spike cases studied byWang et al. and careful examination of the Ca2þ dynam-
ics shows how such ‘‘non-additivity’’ can occur.
Carlson, K. D. and Giordano, N. J. (2010) to be published.
Pi, H. J., and Lisman, J. E. (2008) J. Neurosci. 28: 13132–13138.
Shouval, H. Z., Bear, M. F., and Cooper, L. N. (2002) Proc. Natl. Acad. Sci.
USA 99: 10831–10836.
Wang, H. X., Gerkin, R. C., Nauen, D.W., andBi, G. Q. (2005)Nat. Neurosci. 8:
187–194.
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Diffusion from Point-Source in Oriented Fiber Ensembles with Different
Volume Fractions
Charles Nicholson.
A major source of diffusion anisotropy in the central nervous system is the pres-
ence of oriented fibers (e. g. corpus callosum; cerbellar molecular layer). The
diffusion properties may be explored experimentally using a point-source par-
adigm based on tetramethylammonium (TMA; Sykova & Nicholson, Physiol.
Rev. 2008, 88, 1277). To better understand such results the MCell Monte Carlo
program (www.mcell.psc.edu) was used to model diffusion from a point source
in bundles of rectangular fibers with extracellular volume fractions (a) ranging
from 0.02 - 0.8.
The simulation employed 64 rectangular rods each of 0.6 x 0.6 mm in cross-sec-
tion with surfaces that reflected the particles. Rods were spaced appropriately to
obtain the required a and the length of each rod was chosen to make the rods
into a cubic ensemble. A population of 250,000 point particles was released
into the center of the ensemble with free diffusion coefficient (D) equal to
that for TMA and the simulations run with a time-step of 10 ns for 1 ms. These
parameters ensured that the particles remained within the ensemble.
It was found that the component of the effective diffusion tensor, D*, aligned
with the direction of the bundles was equal toD so the tortuosity (l = (D/D*)1/2)
was unity in this axis. For the two symmetrical components ofD* in the orthog-
onal axes, l was a function of a that could be accurately describe by an expres-
sion derived by Bell & Crank (J. Chem. Soc. Faraday Trans., 2, 1974, 70,
1259). These results are compared to those already obtained for an assembly
of cubes (Tao & Nicholson, J. Theoret. Biol. 2004, 229, 59). Supported by
NIH/NINDS Grant R01-NS-28642.
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Calcium Imaging in Drosophila During Walking and Flight Behavior
Johannes D. Seelig, M Eugenia Chiappe, Gus K. Lott, Michael B. Reiser,
Vivek Jayaraman.
Drosophila melanogaster is a genetic model organism with many experimental
advantages, including the ability to genetically manipulate specific sub-popula-
tions of neurons. The combination of physiology and genetic tools is increas-
ingly being applied to questions in systems neuroscience [1].
Our goal is to understand circuit computations underlying sensory-motor trans-
formation in the fly brain. This requires recording not just neural activity but
also the fly’s behavior. Towards this end, we have developed a novel experi-
mental setup [2] for two-photon calcium imaging while the fly is walking on
an air-supported ‘Buchner’ ball [3, 4] in a virtual arena [5]. These recordings
represent the first examples of functional imaging in behaving Drosophila
and provide a platform for future explorations of decision-making and sen-
sory-motor transformations in this powerful genetic model organism. We
have also adapted the setup for calcium imaging in tethered flying Drosophila.
In complementary work, a different group has succeeded in whole-cell patch-
clamp recording from fruit flies during flight behavior [6].
Motion-sensitive interneurons in the visual system of walking and flying
Drosophila show modulation of their responses depending on their behavioralstate [6, 7]. Under natural conditions the visual input of the fly changes and
is controlled by the movement of the fly. Closed-loop tethered behavior
allows approaching this situation in a controlled experimental setting. We
demonstrated the feasibility of closed loop flight behavior during calcium
imaging and compare neuronal responses during open and closed-loop flight
behavior.
1. Olsen and Wilson (Trends Neurosci., 2008)
2. Seelig, Chiappe, Lott, Dutta, Osborne, Reiser, Jayaraman (Nat Meth, 2010)
3. Gotz and Wenking (J Comp Physiol, 1973)
4. Bohm, Schildberger and Huber (JEB, 1991)
5. Reiser and Dickinson (J Neurosci Meth, 2008)
6. Maimon, Straw, Dickinson (Nat Neurosci, 2010)
7. Chiappe, Seelig, Reiser, Jayaraman, (Curr Biol, 2010)
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Mitochondrial Trafficking on Axons as a Function of Substrate Stiffness
Carlos Luna, James M. Love, Sameer Shah, Helim Aranda-Espinoza.
Mitochondria are the energy machinery necessary for the maintenance of axo-
nal growth, calcium management and other neuronal functions and disruption
of their transport results in neurological disease. Due to the length of neurite
extensions, mitochondria travel along microtubules and actin filaments to
reach different places along the axon; thus, their transport and density is regu-
lated by the activity of axonal zones and growth cones. Mitochondrial traffick-
ing has been linked to axonal growth and thus is an important property in the
study of neuroregeneration. It has previously been shown that axonal growth
depends on substrate stiffness, suggesting that the mechanical properties of
the substrate might play an important role in axonal transport. In this work
we analyzed the transport of mitochondria along the axon as well as the distri-
bution in the growth cone as a function of substrate stiffness, by imaging axo-
nal transport of mitochondria in vitro on cultured rodent DRGs. These results
provide insight into the transport mechanisms along the axon as a function of
substrate stiffness. Furthermore, these results deepen our knowledge of the
effects of mechanical properties of the substrate on the activity of axons and
growth cones and show that mitochondrial trafficking may play a role in these
effects.
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Coming to an Understanding of Fixational Eye Movements
Sarai Manzano.
Fixational eye movements play a major role in visual perception; without such
movements the world would quickly fade away. We are using a mathematical
description of fixational eye movements combined with a realistic biophysical
model of the primate retina to obtain a better understanding of how fixational
movements contribute to visual perception. Physiologically realistic jitter was
used to modulate the retinal location of an otherwise stationary image, here
consisting of Gaussian-weighted sinusoidal gratings with superimposed 1/f
background noise. Images were reconstructed using either 1) the mean or 2)
the cross-covariance of the simulated retina output. To assess the quality of
the two reconstruction methods, reconstructed images were classified as either
vertical or horizontal. Our preliminary findings suggests that the spatial corre-
lations produced by fixational eye-movements can contribute to visual percep-
tion. Ultimately, the predictions of the model can be tested in psychophysical
studies.
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Wave Propagation in Excitable Random Networks with Spatially Con-
strained Connections
Nikita Vladimirov, Roger D. Traub, Yuhai Tu.
We study wave propagation in excitable Greenberg-Hastings cellular automa-
ton on random (Erdos-Renyi) graph, where connections are spatially con-
strained within radius r_c. We show that governing equation resolved by
parabolic Fisher-Kolmogorov equation fails to describe wave speed, but a hy-
perbolic reaction-diffusion equation provides adequate wave speed for arbitrary
mean network degree k. In more general case, wave speed depends rather on
ratio of network moments (second moment/first moment). The wave speed is
strikingly similar in different network topologies, including constant-degree,
exponential and power-law degree distributions. Inspired by problem of firing
propagation in networks of electrically coupled pyramidal neurons, our results
may suggest spatial mean-field solution for a wide class of similar problems,
such as spread of epidemics or information through real-world networks of ar-
bitrary topology.
